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Previous observations in other laboratories
indicate that the protein and nucleic acid metab-
olism of the epidermis in psoriasis is abnormal.
Flesch and Esoda (1) have proposed that in
psoriasis the proteolytic enzyme activity in the
epidermis is deficient and, as a result, there is
abnormal or incomplete cellular decomposition
and abnormal utilization of amino acids for
keratin synthesis. Several investigators have
shown that psoriatic scales, as compared with
callus and normal skin, contain relatively large
amounts of both DNA and RNA (2, 3, 4). Van
Scott and Flesch (5) and Flesch and Esoda (6)
using 10% duponol have reported a high sulfhy-
dryl content in psoriatic scales. However, Zahnd
and Citron (7) found, in quantitative amino acid
analyses of acid hydrolysates of the proteins of
psoriatic scales, low values for cysteine, suggest-
ing the presence of sulfhydryl compounds other
than cysteine in psoriatic scales.
In order to gain additional information about
the composition of the proteins of psoriatic
scales, quantitative amino acid analyses of the
sodium lauryl sulfate soluble and insoluble
protein fractions were carried out. In addition,
since ribonucleic acids are intimately associated
with protein synthesis as metabolic intermediates,
the nucleotide composition of RNA isolated
from psoriatic scales was determined. The results
of these investigations are reported in this paper.
MATERIALS AND METHODS
Fractionation procedure. 500 mg of psoriatic
scales obtained from the elbow of a single un-
treated patient were extracted with a 2% sodium
lauryl sulfate solution for 5 minutes at 95° (Fig.
1). The material was centrifuged at 4000 r.p.m.
for 30 mm., resulting in a supernatant solution
containing RNA and the sodium lauryl sulfate
soluble proteins and a sediment containing the
sodium lauryl sulfate insoluble proteins.
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To the supernatant solution 3 volumes of 95%
ethanol were added and the mixture was allowed
to stand overnight at 4°. Thereafter, it was centri-
fuged at 4000 r.p.m. for 20 minutes. The super-
natant solution was discarded, while the precipi-
tate, containing the sodium lauryl sulfate soluble
proteins and RNA, was extracted with 30 ml of
0.05 M sodium phosphate buffer at pH 6.5 and
centrifuged. The resulting supernatant solution,
containing the RNA, was dialyzed exhaustively
against distilled water, lyophilized, and saved for
analysis of its nucleotide and base composition.
The sodium phosphate sediment, containing the
sodium lauryl sulfate soluble protein fraction,
was washed with water, dialyzed exhaustively
against distilled water and lyophilized. The amino
acid composition of the sodium lauryl sulfate sol-
uble proteins was then determined.
The sediment of sodium lauryl sulfate insoluble
proteins (obtained after centrifugation of the
original sodium lauryl sulfate extract) was washed
twice with 2% sodium lauryl sulfate, first at room
temperature and then twice at 95°. Thereafter, the
insoluble proteins were washed with boiling
distilled water in order to remove most of the
sodium lauryl sulfate, dialyzed exhaustively
against distilled water and lyophilized. The amino
acid composition of the sodium lauryl sulfate
insoluble proteins was then determined.
Quantitative amino acid analysis of the sodium
lauryl sulfate soluble and insoluble protein fractions.
Both protein fractions were hydrolyzed in 6 N
HC1 for either 24 or 48 hours at 110° in vacuum
sealed tubes. The amino acid composition then
was determined by quantitative photometric
ninhydrin analyses in the Beckman Spinco auto-
matic amino acid analyzer according to the proce-
dure of Spackman, Stein and Moore (8).
Determination of the nucleotide composition of
FINA. The RNA isolated by means of sodium
lauryl sulfate from the scales of a single patient
as well as from pooled samples of scales was
analyzed for its nucleotide composition according
to two procedures:
Method 1: Alkaline hydrolysis to yield the 2' and
3' mononucleotides of RNA. The RNA samples
were hydrolyzed in KOH for 18 hours at room
temperature. The alkaline hydrolysate was
neutralized with perchioric acid and left in the
cold room overnight. The insoluble KCIO4 was
then removed by centrifugation. An aliquot of the
supernatant solution was spotted on ii)' X 11
in. Whatman 1 filter paper and submitted to
electrophoresis in the first dimension and paper
chromatography in the second dimension. The
electrophoresis was performed in 0.02 M citrate
buffer of pH 3.5 at 450 V and 7.5 mamps. for 5
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hours in the cold (9). The chromatography was
carried out using a solvent system consisting of
isohutyric acid, 1120 and NH4OH in a volume
ratio of 66:33:1. The chromatograms were run for
6 hours at room temperature.
The ultraviolet absorbing spots were eluted
with 0.1 N HC1 for 2 hours at room temperature.
Blanks of adjacent areas of similar size were
treated in the same way. Identification of the
spots was made on the basis of relative migration
rates and spectral analysis. The quantity of
mononucleotides was determined using the
following molecular extinction coefficients at
260 mz: 2' and 3' adenylic acid 14.2 X 10; 2' and
3' cytidylic acid, 6.8 X 10; 2' and 3' uridylic acid,
10 )< 10'; and 2' and 3' guanylic acid, 11.8 X 10'
(10).
Method 2: Acid hydrolysis to yield the free purines
end pyrimidines of IINA. The RNA samples were
hydrolyzed in 70% 11C104 for 1 hour in a boiling
water bath. The acid hydrolysates were diluted
with water and centrifuged. An aliquot was
then spotted on Whatman *'1 filter paper (11).
The chromatogram was run for 36 hours using
the isopropanol-HC1-water solvent system des-
cribed by Wyatt (12).
The ultraviolet absorbing compounds were
eluted with 0.1 N HCI for 2 hours at room tem-
perature and examined in a Beckman DU spectro-
photometer. Adjacent areas of equal size were
treated in the same way and served as blanks.
The compounds were identified by their relative
rates of chromatographic migration and by
spectral analysis. The compounds were quanti-
tated using the following molecular extinction
coefficients: adenine, 12.6 X 10 at 262.5 mz;
guanine, 11.1 X 10 at 249 mz; cytosine, 10.0 X 10
at 276 mM; and uracil, 8.15 X 10' at 260 m56 (11).
RESULTS
(a) Amino acid analysis. The results of the
amino acid analyses of the sodium lauryl sulfate
Amino acid composition of sodium lauryl sulfate
soluble and insoluble proteins isolated from
psoriatic scales
Amino Acid
Sodium lauryl sulfate
soluble proteins insoluble proteins
24 hrs 48 hrst 24 hrs* 48 hrst
msI es/ISO pmales amine acids
Lys 6.7 6.1 8.4 4.4
His 1.9 1.6 1.8 1.4
Arg 4.1 4.4 5.2 4.2
Asp 10.9 9.8 9.6 9.3
Thr 2.5 5.1 2.0 4.5
Ser 1.1 6.8 1.3 5.9
Glu 15.4 14.0 16.7 16.2
Pro 5.0 4.6 7.8 7.5
Gly 11.5 10.1 10.3 9.9
Ala 8.5 7.5 7.4 7.1
34Cys 1.1 1.5 0.9 1.8
Val 6.9 5.8 5.8 5.7
Met 2.1 1.9 2.1 2.1
Ilcu 5.1 4.4 5.0 4.5
Leu 10.5 9.4 9.6 9.2
Tyr 2.7 3.2 2.6 3.0
Phe 4.1 3.7 3.4 3.3
Total 100.1 99.9 99.9 100.0
Results are expressed as pmoles of amino acid
per 100 pmoles of amino acids recovered from
column.
* Samples were hydrolyzed for 24 hours
t Samples were hydrolyzed for 48 hours.
soluble and insoluble protein fractions are
shown in Table I. Tryptophan was not deter-
mined since tryptophan is destroyed in the course
ot the acid hydrolysis. 'ftc values given for
the 24 cystinc residues represent the sum of the
cystcine and cystine residues obtained after
hydrolysis. Of particular interest among the
results shown in Table I is that in both the sodium
lauryl sulfate soluble and insoluble protein
fractions the values for the sulfur containing
amino acids are among the lowest of all the
amino acids analyzed. The amino acids present
in greatest amounts were glutamic acid, aspartic
acid, glycine and leucine. Furthermore, the con-
centration of the dicarboxylic amino acids
(glutamic, aspartic) was approximately twice
that of the basic amino acids (lysinc, arginine,
histidine) in both the sodium lauryl sulfate
TABLE IPSORIATIC SCALES
sodium louryl sulfate, 95°
Centrifugation
insoluble protein soluble protein, RNA
S.l.S.25°,95° ethanol
prolein protein,RNA
water, 100°
.jisjnsdtte protein
Fm. 1. Schematic presentation of the extraction
procedure used for isolation of RNA and of the
sodium lauryl sulfate soluble and insoluble pro-
tein fractions from psoriatic scales. S. L. S.:
Sodium lauryl sulfate.
tufter
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FIG. 2. Separation of the mononucleotides in the
RNA isolated from psoriatic scales. The sample
was submitted to electrophoresis in the first di-
mension and chromatography in the second di-
mension. C: 2' and 3' cytidylic acid; A: 2' and 3'
adenylic acid; C: 2' and 3' guanylic acid; U: 2'
and 3' uridylic acid.
soluble and insoluble protein fractions. Hydroly-
sis of the protein fractions for 48 instead of 24
hours caused no significant change in the relative
values for the various amino acids, with the
exception of the values for serinc and threonine,
which increased substantially in both the soluble
and insoluble protein fractions, and for lysinc,
which decreased in the insoluble protein fraction.
(b) RI'TA analyses. In Fig. 2 the separation of
2' and 3' cytidylic, adenylic, guanylic and
uridylic acids obtained by alkaline hydrolysis of
RNA isolated from psoriatic scales is shown. The
nucleotidc composition of the RNA isolated
from the psoriatic scales of a single patient is
shown in Table II. It can be seen that the nu-
cleotide present in greatest quantity was guanylic
acid while uridylic acid was present in least
amount. The ratio of the number of nucleotides
with a 6-amino group (adenylic and cytidylic
acid) to the number of nucleotidcs having a
6-keto group (guanylic and uridylic acids) was
0.92.
The nuclcotide composition of RNA isolated
from pooled samples of psoriatic scales also was
determined by means of acid hydrolysis of RNA
using perchloric acid to liberate free purines and
pyrimidincs. The purines and pyrimidines were
separated from each other, identified and quan-
titated according to procedures described under
Materials and Methods. In Table III the purine
and pyrimidine composition of the isolated RNA
is shown. Analysis of the nuclcotide composition
of the RNA by this procedure confirmed the
findings made by alkaline hydrolysis, namely
TABLE II
Nucleotide composition of RNA isolated from
psoriatic scales
Nurleotide mectes
Guanylic acid
Cytidylic acid
Adenylic acid
Uridylic acid
33
25
23
19
TABLE III
Purine and Pyrimidine composition of RNA
isolated from psoriatic scales
Base Moles per 105
moles base
Guanine
Cytosinc
Adcninc
IJracil
36
25
22
17
that guanine is the base present in largest
amount, while uracil is present in the least
amount. The ratio of the number of bases with
a 6-amino group (adenine and cytosine) to the
number of bases with a 6-kcto group (guanine
and uracil) was 0.89. Comparison of the results
shown in Tables II and III show that there is
good agreement for the nucleotide composition
of the RNA isolated from psoriatic scales as
determined by the two independent methods.
nIscussIoN
We have found that the ribonucleic acids of
psoriatic scales isolated by means of sodium
lauryl sulfate have a higher content of guanylic
and cytidylic acids than of adenylic and uridylic
acids. This agrees with analyses of RNA prepara-
tions from animal sources by several investigators
who also found that guanylic and cytidylic acids
were the predominant nucleotide components
(13, 14). Elson and Chargaff (14), on the basis of
analysis of RNA from various animal tissues,
pointed out that among the four maj or nucleotide
components of RNA the number of nucleotides
having a 6-amino group (adenylic and cytidylic
acids) is approximately equal to the number of
nucleotidcs having a 6-keto group (guanylic and
uridylic acids). Our analyses of the RNA in
psoriatic scales indicate that this relationship
is not altered in psoriasis.
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We have recently observed that extracts of
psoriatic scales possess considerable ribonuclease
activity (15). We have purified this ribonuclease
extensively and shown it to be of low molecular
weight (S20 = 1.8 x 1O) and of great stability
to both heat and acid. This indicates that ex-
traction of RNA from psoriatic scales must be
carried out in such a way that enzymatic hy-
drolysis of the RNA during the procedure is
prevented.
Quantitative analyses of the amino acids in the
sodium lauryl sulfate soluble and insoluble
protein fractions of psoriatic scales have revealed
that in both fractions only a very small propor-
tion of the amino acids are sulfur-containing
amino acids. This agrees with the results obtained
by Zahnd and Citron (7) who have found the
relative concentration of sulfur-containing amino
acids in psoriatic scales to be quite low. Steiner
(16) also has reported a low sulfhydryl content
in psoriatic epidermis using a method combining
spectromicrophotometric and histochemical tech-
nics. On the other hand, Ogura, Knox and Griffin
(17, 18) have reported high sulfhydryl values for
psoriatic scales and psoriatic epidermis, using
colorimetric and amperometric titration proce-
dures; and Van Scott and Flesch (5) and Flesch
and Esoda (6) have reported that duponol
treated psoriatic scales have a high sulfhydryl
content when expressed in terms of concentra-
tion of sulfhydryl groups per weight of psoriatic
scales. Our data are not inconsistent with all of
these observations, since even though the relative
concentration of sulfur-containing amino acids
is low, the total concentration of sulfur-containing
amino acids may be high. This suggests that
duponol extracts of psoriatic scales not oniy
have a high content of sulfhydryl-containing
amino acids but also a high content of other
amino acids. The great efficacy of duponol in ex-
tracting from cells highly polymeric substances
such as proteins and nucleic acids is consistent
with this interpretation.
SUMMARY
1. Quantitative amino acid analyses of the
sodium lauryl sulfate soluble and insoluble
protein fractions isolated from psoriatic scales
were carried out. Both fractions had a low rela-
tive content of sulfur-containing amino acids,
but a high relative content of aspartic acid,
glutamic acid, glycine and leucine.
2. RNA was isolated from psoriatic scales by
means of sodium lauryl sulfate and the nucleotide
composition was determined. The concentration
of nucleotides was found to be in decreasing
order: guanylic acid, cytidylic acid, adenylic
acid and uridylic acid.
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